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APPARATUS AND METHOD FOR PROCESSING 
INFORMATIONAL SIGNAL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an apparatus and a 
method for processing informational signal. More speci? 
cally, the present invention relates to an apparatus and a 
method for processing informational signal, Which converts 
a ?rst informational signal composed of multiple items of 
informational data to a second informational signal com 
posed of multiple items of informational data, an apparatus 
and a method for generating coef?cient seed data, Which are 
used in the apparatus and the method for processing infor 
mational signal, a program for executing each of the meth 
ods, and a medium recording the program thereof. 

[0003] 2. Description of Related Art 

[0004] Conventionally, a format conversion for convert 
ing, for eXample, a standard de?nition (SD) signal called as 
525i signal to a high de?nition (HD) signal called as 1050i 
signal has been proposed. The 525i signal designates an 
interlace type image signal having 525 lines. The 1050i 
signal designates an interlace type image signal having 1050 
lines. 

[0005] To achieve the above-described format conversion, 
a resolution-creating method in Which When obtaining piXel 
data of the 1050i signal from piXel data of the 525i signal, 
coef?cient data of an estimation equation relative to a phase 
of each piXel of the 1050i signal corresponding to a piXel of 
the 525i signal is stored in a memory and the piXel data of 
the 1050i signal is obtained based on that estimation equa 
tion using this coef?cient data has been proposed. 

[0006] Japanese Patent Application Laid-Open No.2001 
309315 has disclosed that When the image of the aforemen 
tioned 1050i signal is displayed on an image display device 
such as cathode ray tube (CRT) display, liquid crystal 
display (LCD), plasma display panel (PDP), the coef?cient 
data corresponding to a kind of the image display device is 
used so as to obtain an image quality ?tting to the image 
display device. For example, When the image display device 
is of the CRT display, the resolution of the image is set to a 
normal state. When the image display device is of the LCD, 
the resolution is set loWer than the normal. When the image 
display device is of the PDP, the resolution is set higher than 
the normal. 

[0007] Further, in an apparatus for converting the image 
signal disclosed in the Japanese Patent Application Laid 
Open No.2001-309315, a class to Which piXel data of a 
target position in that HD signal belongs is detected based on 
multiple items of piXel data of the SD signal located around 
the target position of the HD signal, thereby acquiring the 
piXel data of the target position in that HD signal using 
coef?cient data corresponding to this class. 

[0008] That is, in the apparatus for converting the image 
signal disclosed in the Japanese Patent Application Laid 
Open No.2001-309315, the classi?cation is eXecuted in the 
same Way regardless of the kinds of the image display 
devices so that classi?cation inadequate to ?t to an output 
characteristic of a used image display device is carried out. 
This prevents an HD signal adapting to the image display 
device from being obtained. 
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[0009] An object of the present invention is to make a 
second informational signal obtained from a conversion of a 
?rst informational signal adaptable to an output device for 
obtaining the output from the second informational signal. 

SUMMARY OF THE INVENTION 

[0010] According to the present invention, the foregoing 
object is attained by an apparatus for processing informa 
tional signal Wherein ?rst informational signal constituted of 
multiple items of informational data is converted to second 
informational signal constituted of multiple items of infor 
mational data. The apparatus comprises data-processing 
means for converting values of the multiple items of the 
informational data of the ?rst informational signal located 
around a target position in the second informational signal 
based on correspondence relation betWeen a value of infor 
mational data in output means for obtaining an output by the 
second informational signal and an output value to obtain 
plural output values. The apparatus also comprises class 
detecting means for detecting a class to Which the informa 
tional data of the target position in the second informational 
signal belongs based on the plural output values obtained by 
the data-processing means. The apparatus further comprises 
informational-data-generating means for generating the 
informational data of the target position in the second 
informational signal corresponding to the class detected by 
the class-detecting means. 

[0011] In accordance With another aspect of the invention, 
an apparatus for processing informational signal Wherein 
?rst informational signal composed of multiple items of 
informational data is converted to second informational 
signal composed of multiple items of informational data is 
provided. The apparatus comprises a data-processing unit 
con?gured to convert values of the multiple items of the 
informational data of the ?rst informational signal located 
around a target position in the second informational signal 
based on correspondence relation betWeen a value of infor 
mational data in an output unit for obtaining an output by the 
second informational signal and an output value to obtain 
plural output values. The apparatus also comprises a class 
detecting unit con?gured to detect a class to Which the 
informational data of the target position in the second 
informational signal belongs based on the plural output 
values obtained by the data-processing unit. The apparatus 
further comprises an informational-data-generating unit 
con?gured to generate informational data of the target 
position in the second informational signal corresponding to 
the class detected by the class-detecting unit. 

[0012] In accordance With further aspect of the invention, 
a method for processing informational signal Wherein ?rst 
informational signal composed of multiple items of infor 
mational data is converted to second informational signal 
composed of multiple items of informational data is pro 
vided. The method comprises the step of converting values 
of the multiple items of informational data of the ?rst 
informational signal located around a target position in the 
second informational signal based on correspondence rela 
tion betWeen a value of informational data in an output 
means for obtaining an output by the second informational 
signal and an output value to obtain plural output values. The 
method also comprises the step of detecting a class to Which 
the informational data of the target position in the second 
informational signal belongs based on the plural output 
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values obtained by the above output-values-obtaining step. 
The method further comprises the step of generating the 
informational data of the target position in the second 
informational signal corresponding to the class detected by 
the above class-detecting step. 

[0013] The program of the present invention is a program 
for making the computer execute the above-described infor 
mational-signal-processing method. Further, the computer 
readable medium of the present invention is a medium 
recording the above-described program. 

[0014] According to the present invention, the ?rst infor 
mational signal is converted to the second informational 
signal. The ?rst and second informational signals are com 
posed of multiple items of informational data. For example, 
the informational signal is an image signal composed of 
multiple items of pixel data or audio signal composed of 
multiple items of audio data (sampling data). 

[0015] Values of plural informational data of the ?rst 
informational signal located around the target position in the 
second informational signal are converted based on the 
correspondence relation betWeen the value of informational 
data in the output means for obtaining the output by the 
second informational signal and the output value so as to 
obtain plural output values. For example, if the informa 
tional signal is an image signal, the correspondence relation 
betWeen the value of informational data and the output value 
is a correspondence relation betWeen the value of pixel data 
and a luminance value. 

[0016] For example, if the informational signal is an 
image signal, the output means is an image display device, 
for example, CRT display, LCD, PDP or the like. For 
example, if the informational signal is an audio signal, the 
output means is an audio output device, for example, a 
speaker. 

[0017] For example, multiple items of informational data 
located around the target position in the second informa 
tional signal are selected based on the ?rst informational 
signal. Values of the selected multiple items of informational 
data are respectively converted to output values based on the 
correspondence relation betWeen the value of informational 
data and the output value so as to obtain the above-men 
tioned plural output values. 

[0018] Further, the value of each informational data con 
stituting the ?rst informational signal is converted to an 
output value based on the correspondence relation betWeen 
the value of the informational data and the output value. 
Based on each output value obtained by this conversion, 
then, plural output values corresponding to the multiple 
items of informational data in the ?rst informational signal 
located around the target position in the second informa 
tional signal are picked out selectively so as to obtain the 
above-mentioned plural output values. 

[0019] Based on the plural output values obtained as 
described above, a class to Which the informational data of 
the target position in the second informational signal 
belongs is detected. For example, the respective plural 
output values undergo data compression processing so as to 
generate a class code indicating a class. Corresponding to 
such a detected class, the informational data of the target 
position in the second informational signal is generated. 
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[0020] For example, coef?cient data, Which corresponds 
to the class, used for an estimation equation is generated. 
Multiple items of informational data located around the 
target position in the second informational signal are 
selected based on the ?rst informational signal. Using these 
multiple items of informational data and the coef?cient data, 
the informational data of the target position in the second 
informational signal is operated based on the estimation 
equation. 
[0021] It is permissible to provide additionally With a 
parameter-inputting means for inputting a value of a param 
eter indicating quality of output by the second informational 
signal so as to generate coefficient data, Which corresponds 
to a class and the value of the parameter, used for an 
estimation equation. Consequently, by changing the value of 
the parameter, the quality of the output by the second 
informational signal can be adjusted. In this case, the 
coef?cient data corresponding to the class and the value of 
the parameter is generated based on the generation equation 
(the coefficient seed data is the coefficient data of this 
generation equation) including the parameter using the coef 
?cient seed data corresponding to the class and the value of 
the parameter. 

[0022] As described above, according to the present 
invention, values of the multiple items of informational data 
of the ?rst informational signal located around the target 
position in the second informational signal are converted 
based on the correspondence relation betWeen the value of 
the informational data in the output means for obtaining the 
output by the second informational signal and the output 
value so as to obtain plural output values. A class to Which 
the informational data of the target position in the second 
informational signal belongs is detected based on the plural 
output values so as to generate the informational data of the 
target position in the second informational signal corre 
sponding to this class. This alloWs appropriate classi?cation 
for the output characteristic of the output means to be 
performed, thereby obtaining the second informational sig 
nal ?tting to the output means. 

[0023] In accordance With additional aspect of the present 
invention, provided is an apparatus for generating coef?cient 
seed data that is coef?cient data in a generation equation for 
generating coef?cient data used for an estimation equation 
for use When converting ?rst informational signal composed 
of multiple items of informational data to second informa 
tional signal composed of multiple items of informational 
data. The apparatus comprises parameter-inputting means 
for inputting a value of a parameter for specifying a quality 
of output a ?rst learning signal corresponding to the ?rst 
informational signal or a second learning signal correspond 
ing to the second informational signal With the quality of 
output corresponding to a parameter contained in the gen 
eration equation. The apparatus also comprises data-pro 
cessing means for converting values of the multiple items of 
informational data of the ?rst learning signal located around 
a target position in the second learning signal based on 
correspondence relation betWeen a value of informational 
data in output means for obtaining an output by the second 
informational signal and an output value to obtain plural 
output values. The apparatus further comprises class-detect 
ing means for detecting a class to Which the informational 
data of the target position in the second learning signal 
belongs based on the plural output values obtained by the 
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data-processing means. The apparatus additionally com 
prises data-selecting means for selecting the multiple items 
of informational data located around the target position in 
the second learning signal based on the ?rst learning signal. 
The apparatus still further comprises arithmetic operating 
means for operating and obtaining the coef?cient seed data 
for each class using a class detected by the class-detecting 
means, the value of the parameter input by the parameter 
inputting means, the multiple items of informational data 
selected by the data-selecting means, and the informational 
data of the target position in the second learning signal. 

[0024] In accordance With still further aspect of the 
present invention, provided is an apparatus for generating 
coef?cient seed data that is coefficient data in a generation 
equation for generating coef?cient data used for an estima 
tion equation for use When converting ?rst informational 
signal composed of multiple items of informational data to 
second informational signal composed of multiple items of 
informational data. The apparatus comprises a parameter 
inputting unit con?gured to input a value of a parameter for 
specifying a quality of output by a ?rst learning signal 
corresponding to the ?rst informational signal or a second 
learning signal corresponding to the second informational 
signal With the quality of output corresponding to a param 
eter contained in the generation equation. The apparatus also 
comprises a data-processing unit con?gured to convert val 
ues of the multiple items of informational data of the ?rst 
learning signal located around a target position in the second 
learning signal based on correspondence relation betWeen a 
value of informational data in an output unit for obtaining an 
output by the second informational signal and an output 
value to obtain plural output values. The apparatus further 
comprises a class-detecting unit con?gured to detect a class 
to Which the informational data of the target position in the 
second learning signal belongs based on the plural output 
values obtained by the data-processing unit. The apparatus 
additionally comprises a data-selecting unit con?gured to 
select the multiple items of informational data located 
around the target position in the second learning signal based 
on the ?rst learning signal. The apparatus still further 
comprises an arithmetic operating unit con?gured to operate 
and obtain the coef?cient seed data for each class using a 
class detected by the class-detecting unit, the value of the 
parameter input by the parameter-inputting unit, the multiple 
items of informational data selected by the data-selecting 
unit, and the informational data of the target position in the 
second learning signal. 
[0025] In accordance With still further aspect of the 
present invention, provided is a method for generating 
coef?cient seed data that is coefficient data in a generation 
equation for generating coef?cient data used for an estima 
tion equation for use When converting ?rst informational 
signal composed of multiple items of informational data to 
second informational signal composed of multiple items of 
informational data. The method comprises the step of input 
ting a value of a parameter for specifying a quality of output 
by a ?rst learning signal corresponding to the ?rst informa 
tional signal and a second learning signal corresponding to 
the second informational signal With the quality of output 
corresponding to a parameter contained in the generation 
equation. The method also comprises the step of converting 
values of the multiple items of informational data of the ?rst 
learning signal located around a target position in the second 
learning signal based on correspondence relation betWeen a 
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value of informational data in an output means for obtaining 
an output by the second informational signal and an output 
value to obtain plural output values. The method further 
comprises the step of detecting a class to Which the infor 
mational data of the target position in the second learning 
signal belongs based on the multiple items of output values 
obtained by the above output-values-obtaining step. The 
method additionally comprises the step of selecting the 
multiple items of informational data located around the 
target position in the second learning signal based on the ?rst 
learning signal. The method still further comprises the step 
of operating and obtaining the coef?cient seed data for each 
class using a class detected by the class-detecting step, the 
value of the parameter input in the parameter-value-input 
ting step, the multiple items of informational data selected in 
the data-selecting step, and the informational data of the 
target position in the second learning signal. 

[0026] The program of the present invention is a program 
for alloWing a computer to execute the above-described 
method for generating coef?cient seed data. The computer 
readable medium of the present invention is a medium 
recording the above-described program. 

[0027] According to the present invention, the coef?cient 
seed data that is coefficient data in the generation equation 
for generating coef?cient data is generated. The latter coef 
?cient data is used for the estimation equation used When 
converting the ?rst informational signal composed of mul 
tiple items of informational data to the second informational 
signal composed of multiple items of informational data. 
The generation equation for generating the coef?cient data 
includes a parameter. Corresponding to this parameter, the 
value of the parameter for specifying the quality of output by 
the ?rst learning signal corresponding to the ?rst informa 
tional signal or the second learning signal corresponding to 
the second informational signal is input. 

[0028] Values of the multiple items of informational data 
of the ?rst learning signal located around the target position 
in the second learning signal are converted based on the 
correspondence relation betWeen the value of the informa 
tional data in the output means for obtaining output by the 
second learning signal and the output value so as to obtain 
plural output values. Based on the plural output values, the 
class to Which the informational data of the target position 
in the second informational signal belongs is detected. 

[0029] Multiple items of informational data located 
around the target position in the second learning signal are 
selected based on the ?rst learning signal. The values of 
input parameters are changed step by step, so that the 
coef?cient seed data is acquired for each class using the class 
to Which the informational data of the target position in the 
second learning signal belongs, the value of the parameter, 
the selected multiple items of informational data, and the 
informational data of the target position in the second 
learning signal. 

[0030] As described above, according to the present 
invention, values of the multiple items of informational data 
of the ?rst learning signal located around the target position 
in the second learning signal are converted based on the 
correspondence relation betWeen the value of the informa 
tional data in the output means for obtaining output by the 
second informational signal and the output value so as to 
obtain plural output values. Based on the plural output 
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values, the class to Which the informational data of the target 
position in the second learning signal belongs is detected so 
as to obtain the coefficient seed data for each class. This 
alloWs to be obtained the coefficient seed data for Well use 
in the above-described informational-signal-processing 
apparatus. 

[0031] The concluding portion of this speci?cation par 
ticularly points out and directly claims the subject matter of 
the present invention. HoWever those skill in the art Will best 
understand both the organiZation and method of operation of 
the invention, together With further advantages and objects 
thereof, by reading the remaining portions of the speci?ca 
tion in vieW of the accompanying draWing (s) Wherein like 
reference characters refer to like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1A is a block diagram shoWing a con?gura 
tion of a TV receiver according to an embodiment of the 
present invention; 

[0033] FIG. 1B is a block diagram shoWing a con?gura 
tion of a TV receiver according to another embodiment of 
the present invention; 

[0034] FIG. 2 is a diagram shoWing the relation in piXel 
position betWeen the 525i signal and 1050i signal; 

[0035] FIGS. 3A, 3B are a diagram shoWing an eXample 
of class tap and prediction tap; 

[0036] FIG. 4 is a diagram shoWing the correspondence 
relation betWeen a piXel value and a luminance value; 

[0037] FIG. 5 is a diagram shoWing a deviation in phase 
(odd ?eld) of the HD signal (1050i signal) from the central 
prediction tap of four piXels in a unit piXel block; 

[0038] FIG. 6 is a diagram shoWing a deviation in phase 
(even ?eld) of the HD signal (1050i signal) from the central 
prediction tap of four piXels in a unit piXel block; 

[0039] FIG. 7 is a diagram for explaining a generating 
method of coefficient seed data; 

[0040] FIG. 8 is a block diagram shoWing a con?guration 
of the coef?cient-seed-data-generating unit; 

[0041] FIG. 9 is a block diagram shoWing a con?guration 
of the image-signal-processing apparatus, Which is achieved 
With softWare; 

[0042] FIG. 10 is a How chart shoWing the procedure of 
the image signal processing; and 

[0043] FIG. 11 is a How chart shoWing the procedure of 
coef?cient seed data generating processing. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] Hereinafter, the preferred embodiments of the 
present invention Will be described in detail With reference 
to the accompanying draWings. FIG. 1A shoWs a con?gu 
ration of a TV receiver 100 according to an embodiment of 
the present invention. FIG. 1B shoWs a con?guration of a 
TV receiver 100A according to another embodiment of the 
present invention. 

[0045] This TV receiver 100 has a function of obtaining a 
standard de?nition (SD) signal called as 525i signal from a 
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broadcasting signal, converting this 525i signal to a high 
de?nition (HD) signal called as 1050i signal, and displaying 
an image composed of this HD signal. The 525i signal 
mentioned here is an interlace type image signal having 525 
lines. The 1050i signal mentioned here is an interlace type 
image signal having 1050 lines. 

[0046] FIG. 2 shoWs the relation in piXel position of a 
frame in Which the 525i signal and 1050i signal eXist, 
While the piXel position of an odd (0) ?eld is indicated With 
a solid line and the piXel position of an even (e) ?eld is 
indicated With dotted line. Alarge dot indicates a piXel of the 
525i signal and a small dot indicates a piXel of the 1050i 
signal. As shoWn in FIG. 2, as the piXel data of the 1050i 
signal, line data L1, L1‘ near the line of the 525i signal and 
line data L2, L2‘ far from the line of the 525i signal is 
present. The data L1, L2 is line data of an odd ?eld and the 
data L1‘, L2‘ is line data of an even ?eld. Further, the number 
of piXels in each line of the 1050i signal is double that of the 
piXels in each line of the 525i signal. 

[0047] Returning to FIG. 1A, the TV receiver 100 com 
prises a signal-receiving antenna 101, a tuner section 102 for 
receiving a broadcasting signal (RF modulation signal) from 
this signal-receiving antenna 101 and undergoing tuning 
processing, intermediate frequency ampli?cation process 
ing, Wave detection processing and the like, thereby obtain 
ing an SD signal, and a buffer memory 103 for storing the 
SD signals obtained by this tuner section 102 temporarily. 

[0048] The TV receiver 100 comprises an image-signal 
processing section 104 for converting an SD signal stored in 
the buffer memory 103 temporarily to an HD signal, and an 
image display device 105 for displaying an image of the HD 
signal obtained by this image-signal-processing section 104 
as an output means. This image display device 105 is 
constituted of, for eXample, a CRT display, LCD, PDP or the 
like. This image display device 105 constitutes an output 
With the HD signal, namely, output means for obtaining an 
image. 
[0049] The folloWing Will describe the operations of the 
TV receiver 100 shoWn in FIG. 1A. An SD signal obtained 
in the tuner section 102 is supplied to a buffer memory 103 
Where it is stored temporarily. The SD signal stored tempo 
rarily in this buffer memory 103 is then supplied to an 
image-signal-processing section 104 Where it is converted to 
an HD signal. That is, in the image-signal-processing section 
104, piXel data constituting the HD signal (hereinafter 
referred to as HD piXel data) is generated from piXel data 
constituting the SD signal (hereinafter referred to as SD 
piXel data). 
[0050] The HD signal output from this image-signal 
processing section 104 is supplied to the image display 
device 105 Where an image of the HD signal is displayed on 
a screen of this image display device 105. 

[0051] The folloWing Will describe the image-signal-pro 
cessing section 104 in detail. This image-signal-processing 
section 104 includes ?rst-third tap selection circuits 111-113 
each for picking up multiple items of SD piXel data selec 
tively located around a target position in the HD signal 
(1050i signal) based on the SD signal (525i signal) stored 
temporarily in the buffer memory 103 and outputting it. 

[0052] The ?rst tap selection circuit 111 picks up multiple 
items of SD piXel data Xi (i=1-n) used for prediction selec 
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tively as data of prediction tap. The second tap selection 
circuit 112 picks up multiple items of SD pixel data used for 
performing classi?cation of class corresponding to a level 
distribution pattern of the SD pixel data selectively as the 
data of spatial class tap. FIGS. 3A, 3B respectively shoW 
examples of the spatial class tap and the prediction tap. 

[0053] The third tap selection circuit 113 picks up multiple 
items of SD pixels used for performing classi?cation of class 
corresponding to a motion selectively as data of a motion 
class tap. In the meantime, if the spatial class is determined 
using the SD pixel data belonging to plural ?elds, this spatial 
class contains motion information. 

[0054] The image-signal-processing section 104 has pixel 
value/luminance-value-converting circuits 114, 115. This 
converting circuit 114 converts values of the multiple items 
of SD pixel data (pixel values) picked up selectively as data 
of the spatial class tap by the second tap selection circuit 112 
to luminance values, respectively, based on the correspon 
dence relation betWeen value of pixel data in the image 
display device 105 and luminance value as an output value. 
This converting circuit 114 constitutes data-processing 
means for acquiring plural luminance values each used for 
spatial class detection With the second tap selection circuit 
112. 

[0055] LikeWise, the converting circuit 115 converts val 
ues of the multiple items of SD pixel data (pixel values) 
picked up selectively as data of the motion class tap by the 
third tap selection circuit 113 to luminance values, respec 
tively, based on the correspondence relation betWeen value 
of pixel data in the image display device 105 and luminance 
value as an output value. This converting circuit 115 con 
stitutes data-processing means for acquiring plural lumi 
nance values each used for motion class detection With the 
third tap selection circuit 113. 

[0056] In the meantime, in the image display device 105, 
generally, the luminance value is not in linear relationship 
With the pixel value and has the correspondence relation 
shoWn in FIG. 4 and according to the folloWing equation 
(1)1 

y=A (X/255)Y (1) 

[0057] According to the equation (1), a term, “y”, indi 
cates a luminance value, a term, “x” indicates a pixel value, 
a term, “A” indicates a maximum luminance value, and a 
term, “y” indicates a gamma value. Although the detail 
description is omitted, it is Well knoWn that the gamma value 
y differs depending on the type of the image display device 
105, for example, CRT display, LCD, PDP or the like. 

[0058] Each of the converting circuits 114, 115 computes 
a luminance value from the pixel value according to the 
above-described equation (1) or obtains the luminance value 
from the pixel value using a table indicating the correspon 
dence relation betWeen pixel value and luminance value. For 
example, these converting circuits 114, 115 are capable of 
changing this table. Consequently, even When the type of the 
image display device 105 is changed, the present invention 
can cope With that situation easily. 

[0059] Note that as the TV receiver 100A shoWn in FIG. 
1B, the second tap selection circuit 112 and the pixel-value/ 
luminance-value-converting circuit 114 may be arranged so 
that they are changed to each other. Similarly, the third tap 
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selection circuit 113 and the pixel-value/luminance-value 
converting circuit 115 may be arranged so that they are 
changed to each other. 

[0060] In the converted case, the converting circuit 114 
converts value of each of the multiple items of SD pixel data 
of the SD signal that has temporarily stored in the buffer 
memory 103 to a luminance value based on the correspon 
dence relation betWeen the value of the pixel data in the 
image display device 105 and the luminance value as the 
output value. 

[0061] The second tap selection circuit 112 selects as 
spatial class tap data and picks out the converted plural 
luminance values that are used for classi?cation of class 
corresponding to a level distribution pattern of the converted 
luminance values. 

[0062] Similarly, the converting circuit 115 converts value 
of each of the multiple items of SD pixel data of the SD 
signal that has temporarily stored in the buffer memory 103 
to a luminance value based on the correspondence relation 
betWeen the value of the pixel data in the image display 
device 105 and the luminance value as the output value. 

[0063] The third tap selection circuit 113 selects as motion 
class tap data and picks out the converted plural luminance 
values that are used for classi?cation of class corresponding 
to motion. Other con?guration of this embodiment shoWn in 
FIG. 1B likes those of the embodiment shoWn in FIG. 1A, 
a description of Which Will be deleted. 

[0064] Further, the image-signal-processing section 104 
includes a space-class-detecting circuit 116 for detecting a 
level distribution pattern of plural luminance values corre 
sponding to data of the spatial class tap obtained in the 
converting circuit 114, detecting a spatial class based on this 
level distribution pattern and outputting the class informa 
tion. 

[0065] In the space-class-detecting circuit 116, a compu 
tation for compressing each luminance value into 8-bit data 
to 2-bit data is carried out. Then, compression data corre 
sponding to each luminance value is output from the space 
class-detecting circuit 116 as class information of the spatial 
class. According to this embodiment, data compression is 
carried out according to adaptive dynamic range coding 
(ADRC). As the data compression means, it is permissible to 
use differential pulse code modulation (DPCM), vector 
quantiZation (VQ) or the like as Well as the ADRC. 

[0066] Although originally, the ADRC has been an adap 
tive requantiZation method developed for high performance 
coding for video tape recorder (VTR), it is preferably 
adaptable to the above-described data compression because 
a local pattern of signal level can be expressed effectively 
With a short Word length. When using the ADRC, if it is 
assumed that the maximum value of plural luminance values 
is MAX, its minimum value is MIN, the dynamic range of 
the plural luminance values is DR (=MAX—MIN+1) and 
requatiZation bit number is P, arequantiZation code qi is 
obtained as compressed data for each luminance value ki 
according to computation based on the folloWing equation 
(2)1 

qi=[(ki—MIN+O.5)*2P/DR] (2) 
[0067] Where means round-off processing in the 

equation When there are Na luminance values, it 
set so that i=1~Na. 



US 2005/0140824 A1 

[0068] The image-signal-processing section 104 includes 
a motion-class-detecting circuit 117 for detecting a motion 
class for indicating the degree of the motion based on plural 
luminance values each corresponding to data of the motion 
class tap obtained in a modulating circuit 115 and outputting 
its class information. 

[0069] In this motion-class-detecting circuit 117, a frame 
differential is computed from plural luminance values mi‘, 
ni‘ each corresponding to the multiple items of SD piXel data 
mi, ni picked out by the third tap selection circuit 113. An 
average of the absolute value of that differential then under 
goes threshold value processing so as to detect a motion 
class that is an indeX of the motion. That is, the motion 
class-detecting circuit 117 computes an average AV of the 
absolute value of the differential according to the folloWing 
equation (3): 

Nb (3) 

Z Imi’ — ni’I 
[:1 

AV 2 Nb 

[0070] In the third tap selection circuit 113, if 12 items of 
SD piXel data m1-m6, n1-n6, for eXample, are picked out, 
Nb in the equation (3) is 6. Then, in the motion-class 
detecting circuit 117, the average AV computed in the 
above-described Way is compared With one or plural thresh 
old value(s) so as to acquire the class information MV of the 
motion class. For eXample, if three threshold values th1, th2, 
th3 (th1<th2<th3) are prepared in order to detect four motion 
classes, When A -§th1, MV=0; When th1<AV§th2, MV=1; 
When th2<AV§th3, MV 2; and When th3<AV, MV=3. 
[0071] The image-signal-processing section 104 has a 
class-synthesiZing circuit 118. This class-synthesiZing cir 
cuit 118 obtains a class code CL indicating a class to Which 
the piXel data (HD piXel data to be created) of a target 
position in the HD signal belongs, based on the requantiZa 
tion code qi as class information of spatial class received 
from the space-class-detecting circuit 116 and the class 
information MV of motion class received from the motion 
class-detecting circuit 117. In this class-synthesiZing circuit 
118, a class code CL is computed according to the folloWing 
equation (4): 

[0072] Where Na indicates the number of multiple 
items of SD piXel data as data of the spatial class tap 
and P indicates requantiZation bit number in the 
ADRC. 

[0073] The image-signal-processing section 104 has a 
coef?cient memory 119. This coef?cient memory 119 stores 
coef?cient data Wi (i=1-n) used for an estimation equation 
used in an estimation/prediction-operating circuit 122, 
Which Will be described later, for each class. This coef?cient 
data Wi is used as information for converting the SD signal 
(525i signal) to the HD signal (1050i signal). 
[0074] When the 525i signal is converted to the 1050i 
signal as described above, it is necessary to obtain four 
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piXels of the 1050i signal corresponding to a piXel of the 
525i signal in each of the odd and even ?elds. In this case, 
each of the four piXels in a unit piXel block of 2x2 that 
constitutes the 1050i signal in each of the odd and even 
?elds has a different deviation in phase to the central 
prediction tap. 

[0075] FIG. 5 shoWs a deviation in phase of each of the 
four piXels HD1-HD4 in the unit piXel block of 2x2, Which 
constitutes the 1050i signal in the odd ?eld, from the central 
prediction tap SDO. Here, the position of each of the 
HD1-HD4 deviates by k1-k4 in the horiZontal direction and 
by m1-m4 in the vertical direction from the position of the 
SDO. 

[0076] FIG. 6 shoWs the deviation in phase of each of the 
four piXels HD1‘-HD4‘ in the unit piXel block of 2x2, Which 
constitutes the 1050i signal in the even ?eld, from the central 
prediction tap SDO‘. The position of each of the HD1‘-HD4‘ 
deviates by k1‘-k4‘ in the horiZontal direction and by m1‘ 
m4‘ in the vertical direction from the position of the SDO‘. 

[0077] For that purpose, the coef?cient memory 119 stores 
coef?cient data Wi for each combination of the class and the 
output piXels (HD1-HD4, HD1‘-HD4‘). 
[0078] This coef?cient memory 119 receives the class 
code CL obtained in the class-synthesiZing circuit 118 as 
read-out address information, reads out the coefficient data 
Wi of a class corresponding to the class code CL and 
supplies the coefficient data Wi to the estimation/prediction 
operating circuit 122. 

[0079] The image-signal-processing section 104 com 
prises a read only memory (ROM) 121 and a coefficient 
generating circuit 120. The coef?cient-generating circuit 
120 generates the coef?cient data Wi for each combination 
of the class and the output piXels (see HD1-HD4 in FIG. 5 
and HD1‘-HD4‘ in FIG. 6) based on a generation equation 
including parameters r, Z in the folloWing equation (5): 

[0081] Where the parameter r is a parameter for 
determining resolution and the parameter Z is a 
parameter for determining a noise removal degree. 

[0082] ROM 121 stores coef?cient seed data Wi0-Wi9, 
Which are coef?cient data in this generation equation, for 
each combination of the classes and output piXels. The 
generation method of this coef?cient seed data Will be 
described later. This ROM 121 loads coef?cient seed data 
Wi0-Wi9 into the coef?cient-generating circuit 120 and fur 
ther, a user supplies the circuit 120 With the parameters r, Z 
adjusted by himself or herself. 

[0083] The coefficient data Wi (i=1-n) generated by this 
coef?cient-generating circuit 120 is supplied to the above 
described coef?cient memory 119 Where it is stored therein. 
The generation of the coef?cient data Wi in this coefficient 
generating circuit 120 is carried out, for eXample, in each 
vertical blanking period. Consequently, user’s operation 
enables the coef?cient data Wi of each class stored in the 
coef?cient memory 119 to be changed at once to a value 
corresponding to each of the values of the parameters r, Z 
even When the values of the parameters r, Z are changed 
according to user’s operation, so that the user may perform 
adjustment in resolution and noise removal degree smoothly. 
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[0084] The image-signal-processing section 104 has the 
estimation/prediction-operating circuit 122. This estimation/ 
prediction-operating circuit 122 receives the data xi of 
prediction tap (multiple items of SD pixel data) picked out 
selectively by the ?rst tap selection circuit 111 and the 
coef?cient data Wi read out of the coef?cient memory 119. 
From the data, xi and Wi, the estimation/prediction-operat 
ing circuit 122 obtains pixel data of an HD signal to be 
created (pixel data of a target position) based on the fol 
loWing equation (6): 

(6) 

[0085] As described above, When the SD signal is con 
verted to the HD signal, it is necessary to obtain four output 
pixels (HD1-HD4 or HD1‘-HD4‘) of the HD signal to a pixel 
of the SD signal. This estimation/prediction-operating cir 
cuit 122 obtains pixel data for each unit pixel block of 2x2, 
Which constitutes the HD signal. 

[0086] Thus, the data xi of an prediction tap corresponding 
to four pixels (pixels of target position) in the unit pixel 
block is supplied from the ?rst tap selection circuit 111 to 
this estimation/prediction-operating circuit 122. The coeffi 
cient data Wi corresponding to four pixels, Which constitute 
the unit pixel block, is also supplied from the coef?cient 
memory 119 to the estimation/prediction-operating circuit 
122. This estimation/prediction-operating circuit 122 com 
putes items of data y1-y4 of four pixels, Which constitute the 
unit pixel block, individually according to the estimation 
equation 
[0087] The image-signal-processing section 104 includes 
a post treatment circuit 123 for performing linear sequential 
on the items of data y1-y4 of four pixels Within the unit pixel 
block, Which are output successively from the estimation/ 
prediction-operating circuit 122, and outputting them in the 
format of the 1050i signal. 

[0088] Next, the folloWing Will describe the operations of 
the image-signal-processing section 104 shoWn in FIG. 1A. 
In the second tap selection circuit 112, multiple items of SD 
pixel data located around the four pixels (pixels of target 
position) Within the unit pixel block, Which constitute an HD 
signal (1050i signal) to be created, are picked up selectively 
as data of spatial class tap based on the SD signal (525i 
signal) stored in the buffer memory 103 temporarily. The 
multiple items of SD pixel data are supplied to the pixel 
value/luminance-value-converting circuit 114. 
[0089] In the converting circuit 114, the values (pixel 
values) of the multiple items of SD pixel data are converted 
to luminance values based on the correspondence relation 
betWeen the value of pixel data in the image display device 
105 and the luminance value. The plural luminance values 
thus obtained by this conversion are supplied to the space 
class-detecting circuit 116. In the space-class-detecting cir 
cuit 116, each luminance value corresponding to data of the 
spatial class tap undergoes the ADRC processing, so that the 
requantiZation code qi is obtained as the class information 
(mainly classi?cation of class for expressing the Waveform 
in the space) of the spatial class (see equation 
[0090] Further, in the third tap selection circuit 113, mul 
tiple items of SD pixel data located around the four pixels 
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(pixels of target position) Within the unit pixel block, Which 
constitute an HD signal (1050i signal) to be created, are 
picked out selectively as data of the motion class tap based 
on the SD signal (525i signal) stored in the buffer memory 
103 temporarily. The multiple items of SD pixel data are 
supplied to the pixel-value/luminance-value-converting cir 
cuit 115. 

[0091] In the converting circuit 115, the values (pixel 
values) of the multiple items of SD pixel data are converted 
to luminance values based on the correspondence relation 
betWeen the value of the pixel data in the image display 
device 105 and the luminance value. The plural luminance 
values thus obtained by this conversion are supplied to the 
motion-class-detecting circuit 117. In the motion-class-de 
tecting circuit 117, the class information MV of the motion 
class (mainly classi?cation of class expressing a degree of 
the motion) is obtained from the plural luminance values 
corresponding to data of the motion class tap. 

[0092] This motion information MV and the requantiZa 
tion code qi are supplied to the class-synthesiZing circuit 
118. In this class-synthesizing circuit 118, class code CL 
indicating a class to Which the four pixels Within the unit 
pixel block (pixels of target position) belongs is obtained for 
each unit pixel block that constitutes the HD signal (1050i 
signal) to be created from the motion information MV and 
the requantiZation code qi (see the equation This class 
code CL is supplied to the coef?cient memory 119 as 
read-out address information. 

[0093] The coef?cient memory 119 receives and stores the 
coef?cient data Wi for each combination of the classes and 
the output pixels (HD1-HD4, HD1‘-HD4‘), Which corre 
spond to the value of each of the parameters r, Z, adjusted by 
a user, and a regenerated by the coef?cient-generating circuit 
120 in, for example, each vertical blanking period. 

[0094] When the class code CL is supplied to the coef? 
cient memory 119 as the read-out address information as 
described above, the coefficient data Wi of four output pixels 
(HD1-HD4 in the odd ?eld and HD1‘-HD4‘ in the even ?eld) 
of a class corresponding to the class code CL is read out of 
this coef?cient memory 119 and supplied to the estimation/ 
prediction-operating circuit 122. 

[0095] In the ?rst tap selection circuit 111, the multiple 
items of SD pixel data located around the four pixels (pixels 
of target position) Within the unit pixel block, Which con 
stitute an HD signal to be created, are picked up selectively 
as the data xi of an prediction tap based on the SD signal. 
The data xi of this prediction tap is supplied to the estima 
tion/prediction-operating circuit 122. 

[0096] In the estimation/prediction-operating circuit 122, 
items of the data y1-y4 of the four pixels (pixels of target 
position) Within the unit pixel block, Which constitute the 
HD signal to be created, are computed individually based on 
the estimation equation (6) using the data xi of the prediction 
tap and the coef?cient data Wi of the four output pixel 
supplied from the coef?cient memory 119. Then, the items 
of data y1-y4 output successively from the estimation/ 
prediction-operating circuit 122 are supplied to the post 
treatment circuit 123. 

[0097] After that, the post treatment circuit 123 performs 
the linear sequential on the items of data y1-y4 supplied 
successively from the estimation/prediction-operating cir 
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cuit 122 and output them in the format of the 1050i signal. 
That is, the 1050i signal is output from the post treatment 
circuit 123 as the HD signal. 

[0098] As described above, in the image-signal-process 
ing section 104 shoWn in FIG. 1A, the values of the multiple 
items of pixel data of the SD signal located around a target 
position in the HD signal are converted based on the 
correspondence relation betWeen the value (pixel value) of 
pixel data in the image display device 105 for obtaining an 
image based on the HD signal and luminance value so as to 
acquire plural luminance values. The class to Which the pixel 
data of the target position in the HD signal belongs is 
detected based on the plural luminance values and then, 
informational data of the target position in the HD signal is 
generated corresponding to this class. Therefore, in this 
image-signal-processing section 104, appropriate classi?ca 
tion of class ?tting to the output luminance characteristic of 
the image display device 105 is carried out, so that an HD 
signal ?tting to the image display device 105 can be 
obtained. 

[0099] Next, the folloWing Will describe generating 
method for the coef?cient seed data Wi0-Wi9 (i=1-n) of each 
class, Which is scheduled to be stored in the ROM 121. 

[0100] For a folloWing description, tj (j=0-9) is de?ned as 
indicated in the folloWing equation (7): 

t8=rz2, t9=z3 (7) 

[0101] By using this equation (7), the equation (5) is 
reWritten into the folloWing equation (8): 

9 (3) 

[0102] Finally, an unspeci?ed coef?cient Wij is obtained 
by learning. That is, each time When combining classes and 
output pixels, a coef?cient value Which minimizes a square 
error is determined using the multiple items of SD pixel data 
and HD pixel data. This is a solution method based on 
so-called least square method. If it is assumed that the 
number of learning is m, the residue in learning data of k-th 
(1 ékém) is ek and the sum of the square error is E, E is 
expressed, by using the equations (5), (6), in the form of the 
folloWing equation (9): 

(9) 

Ms IME 

Ms 
» H 
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[0103] Where a term, xik indicates pixel data of k-th 
at an prediction tap position of i-th of the SD image 
and a term, yk indicates corresponding pixel data of 
an HD image of k-th. 

[0104] According to the solution method based on the 
least square method, Wij is obtained so that the partial 
differential With Wij in the equation (9) is 0. This is indicated 
by the folloWing equation (10): 

6 m 6 k m (10) 

Tij- = k:l 2[6—f}g]6k = —; Zl‘j Xik 6k = O 

[0105] If Xipjq and Yip are de?ned as indicated in the 
folloWing equations (11), (12), the equation (10) is reWritten 
using a matrix as indicated in the folloWing equation (13): 

m (11) 

Xipjq = Z X11 111 X11 [q 
k:l 

m (12) 

Yip = 2X11 [p M 
1:1 

x1010 x1011 x1012 x1019 x1020 x10n9 (l3) 

x1110 x1111 x1112 x1119 x1120 x11n9 

x1210 x1211 x1212 x1219 x1220 x1Zn9 

x1910 x1911 x1912 x1919 x1920 x19n9 

x2010 x2011 x2012 x2019 x2020 x20n9 

M1910 M1911 M1912 M1919 M1920 xn9n9 

W10 Y10 

W11 Y1] 

W12 Y12 

W19 : Y19 

W20 YZO 

wn9 Yn9 

[0106] This equation (13) is a normal equation for com 
puting the coef?cient seed data. By solving this normal 
equation according to a general solution method, for 
example, a sWeeping-out method (elimination method of 
Gauss-Jordan), coef?cient seed data Wi0-Wi9 (i=1-n) can be 
obtained. 

[0107] FIG. 7 shoWs a concept on the generating method 
of the above-described coefficient seed data. Plural SD 
signals as a student signal (?rst learning signal) are gener 
ated from the HD signal Which is a teacher signal (second 
learning signal). In this case, changing frequency character 
istic of a thinning ?lter used for generating the SD signal 
from the HD signal alloWs SD signals having different 
resolution to be generated. 

[0108] The SD signals having the different resolution 
causes items of coefficient seed data having different effects 
of increasing the resolution to be generated. For example, if 


















